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than in this Pliocene deposit. 

But if the trees and plants are familiar forms, the 
remains of the animals which then haunted the 
forest and morass seem strikingly un-English. At 
least two species of elephant — perhaps three — 
trumpeted in these pre-adamite woods. No fewer 
than seven or eight species of deer roamed about. A 
huge beaver ( Trogontherium ) inhabited the lakes and 
marshes; the great Cave Tiger preyed on the 
herbivorous tribes. One elephant ( Elephas meridion- 
als) must have been at least sixteen feet high, 
according to the size of its leg and thigh bones. Its 
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tusks have been found measuring fourteen feet in 
length! Rhinoceri, hippopotami, oxen, swine — all 
were associated in this locality. It was as if an 
immense menagerie of foreign animals had been let 
loose in a modern English wood ! 

There are beds of the same age as the Coralline 
Crag in Belgium, but these are often hardened into 
stone. They may, and perhaps are, somewhat 
older than those we have been attempting to de- 
scribe, and may be regarded as connecting the 
Miocene with the Pliocene period, just as the last- 
mentioned crag-bed connects the latter epoch with 
the Glacial. We have ample proofs that this 
Belgian bed extended across the German Ocean 
into Suffolk, where it was broken up, and the frag- 
ments, rolled and angular, are often found in abun- 
dance at the base of the Red Crag, and are known by 
the local name of “ Box-stones.” 

In Sicily, beds of Pliocene age abound, and have 
been uplifted to three thousand feet above the sea- 
level since the time when the Norfolk and Suffolk 
beds were formed. Many of the shells spoken of, 
which migrated from English latitudes during the 
later Pliocene, and when the cold was increasing, 
took up their habitats in Sicilian seas, and are now 
found fossilized in the limestones. Since then their 
descendants have returned to their original English 
home, and, as the oyster and mussel, administer to 
modern English appetites. The oldest of these 
Sicilian beds, perhaps contemporaneous with the 
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Coralline Crag, was strewn over an area that was 
subject to volcanic shocks. Occasionally volcanic 
ashes were intercalated with the shell marl. At 
length, by the simple accumulation of volcanic ashes 
and lava, during a slow elevation as well, a great 
mountain eleven thousand feet in height was formed ! 
That mountain was Etna , and the Pliocene shell- 
beds at the height of one thousand two hundred 
feet along its flanks indicate its recent origin. In 
Italy, just above Florence, there was a great fresh- 
water lake, into which the rivers occasionally carried 
carcasses of mastodons, elephants, &c. The deposits 
which formed along its bottom accumulated to two 
hundred and fifty feet in thickness. All over the 
Northern hemisphere great zoological as well as 
physical changes occurred during the period of the 
“ Crags.” Animal life slowly prepared for that great 
event which wrapped Europe in glacial ice during a 
long winter, tens of thousands of years’ duration ! 
All these facts may be more or less accurately and 
minutely read off in the sometimes loose and un- 
consolidated strata of the Pliocene age, of which we 
Crag-beds are the English representatives. 
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CHAPTER XIV. 

THE STORY OF A BOULDER. 

“As a huge stone is sometimes seen to lie. 

Couched on the bald top of an eminence, 

Wonder to all who do the same espy, 

By what means it could thither come, and whence — 

So that it seems a thing endued with sense. 

Like a sea-beast crawled forth, that on a shelf 
Of rock or sand reposeth — there to sun itself.” 

Wordsworth. 

EW of my fellow story-tellers can boast 
of adventures equal to mine. My life 
has been a restless one, and to see me 
quietly reposing in some bed of clay, 
the non-geologist would little suspect what strange 
romances I could tell him. I will do my best to 
recount them. Not many years ago this would have 
been totally impossible. At that time geology was 
chiefly made up of guesses, many of which, however, 
proved to be shrewdly true. The great sheets of 
sand, gravel, and clay which extend, more or less, 
over the northern, midland, and eastern counties of 
England — as well as over the Continent and in the 
United States of America, were supposed to have 
been the debris left by Noah’s Flood, and were 
therefore called “Diluvium.” But facts (stubborn 
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things !) have accumulated in such numbers that it is 
now totally impossible to hold such an idea — much 
as many people may wish ih It is seen that the 
period of time when such beds were formed was as 
peculiar as those of other formations, and that the 
physical circumstances, if not the peculiar life-forms, 
marked it off distinctly from the rest. Hence the 
name now given to it of “ Northern Drift,” or that 
other of the “ Glacial period,” which latter I hold to 
be the most appropriate. 

The chief interest of the “ Glacial epoch” is the 
way with which its facts connect older tertiary 
life-forms and geography with existing species and 
circumstances. The geologist is able to perceive 
there was no break, such was originally supposed, 
but that the present epoch is intimately related to 
all that have gone before, and is, in fact, a con- 
tinuation of many of their circumstances. It there- 
fore links the present with the past, in a way for 
which knowledge-seekers cannot be too thankful. 
Who would imagine the scattered, disunited beds of 
clay, or gravel, or sand, could have been so fruitful 
in geological and even general interest ? 

Some of my companions may boast of an origin 
quite the opposite to my own. Theirs deals with 
intense heat, mine with almost as extreme cold. 
Of course I am speaking of my present existence as 
a “ boulder ; ” for before I entered that state I formed 
an insignificant part of a great and continuous rocky 
stratum. What this rock was composed of, matters 
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little or nothing, for we “ Glacial Boulders ” have no 
such clannish feeling as other geological story- 
tellers. We are composed of all kinds — and the 
bed of clay in which we have been deposited may 
be regarded as a sort of lithological Parliament, in 
which . the representatives of every formation are 
assembled. But allow me, if you please, rapidly to 
sketch the outlines of the events which transpired 
before I was ruthlessly wrenched from my original 
rocky home, and transposed into a boulder. 

As many of my hearers are aware, the earlier part 
of the Tertiary period was, in England and else- 
where, marked by an almost tropical climate. 
During the Eocene epoch, the seas of our latitude 
were inhabited by shells and fish of tropical types. 
The dry land was clothed with tree-ferns, palms, &c., 
and these gorgeous forests were frequented by huge 
serpents, strange-looking, tapir-like quadrupeds, and 
monkeys. The rivers, also, had their alligators and 
crocodiles. In short, all the types of land, fresh- 
water, and marine fauna and flora, which now distin- 
guish equatorial regions, existed in England. The 
rocks of this period are full of proofs of the truth of 
what I say. Then gradually succeeded the Miocene 
epoch, during which the climature was less torrid. 
Even then, the great Arctic ice-cap had not been 
formed at the pole ; for we have abundant evidence 
that countries situated far north, such as Greenland 
and Spitzbergen, were covered with vegetable forms 
nearly allied to those now living in South Carolina, 
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Japan, the Cape of Good Hope, and Australia. 
♦Then succeeded the Pliocene age, whose climate is 
abundantly indicated by its fine “ Crags,” as the 
beds of shells are termed. The oldest of these is 
called the “ Coralline,” and there may he found in 
it no fewer than twenty-seven species of shells, 
nearly allied to or identical with those now existing 
in southern latitudes. The “ Red Crag” comes next 
in age, and this tells you by similar evidence that 
the climate was gradually getting colder, for the 
number of southern shells had dwindled to thirteen, 
whilst there has appeared in English latitudes 
species allied to those now living in northern seas. 
Finally, the third, or “ Norwich Crag,” supplements 
the teachings of its relatives by its total absence of 
southern shells, and its much greater proportion of 
Arctic species. Another bed of Crag, situated some 
height above this, still further corroborates the 
remarkable fact I have been narrating, for its 
greater abundance of northern forms is as remark- 
able as that of the older Norwich Crag over the red. 
About the same age as the latter bed is a pheno- 
menon, known as the “Forest bed,” which -crops 
out from beneath the steep cliffs along the Norfolk 
and Suffolk coasts. It is the site of an old forest, 
now forming the floor of the German Ocean, and the 
imbedded stools of trees, as well as those of land and 
fresh- water plants, indicate a temperate mildness of 
climate, similar to that now marking the British 
islands — or, if anything, a trifle colder, as the pre- 
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sence of the Scotch fir and Norway spruce pine 
clearly shows. 

My hearers cannot hut he struck with the gradual 
refrigeration of climate, from a tropical or subtropical 
condition, to a temperate one. Meantime, the slow 
hut sure change from warmer to colder physical 
circumstances clearly prophesied that the next period 
would probably be marked by the same law. Such 
proved to be the case. The change of climate 
indicated by the several periods I have mentioned, 
culminated in that “ Glacial period ” during which 
my birth as a boulder took place. 

After the epoch of the “ Crags,” a gradual subsi- 
dence of England, at least as far south as what is 
now the Thames, slowly took place. Little by little 
the whole country sunk beneath the sea, in which, 
with increasing depth, there came increased Arctic 
cold. The greater part of Scotland — certainly the 
whole of the Highlands — was covered with land-ice, 
or sheets of accumulated snow, frozen into ice. The 
snow-line — which in England is now some thousands 
of feet above the ocean-level — then was gradually 
lowered by the greater cold until it was met with as 
low as it could possibly creep. The hills of North 
Wales, Cumberland, Lancashire, and other places also 
had their ice-sheets and glaciers. To what thickness 
this great ice-mass accumulated, or from what cause, 
I can form no idea ; but if it was anything like what 
now takes place in Greenland — and I have every 
reason for asserting that England at the time of which 
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I am speaking, experienced Greenlandic circum- 
stances, rather than those of any other part of the 
world — then this sheet of snow or ice possibly grew 
to be hundreds, if not thousands, of feet in thickness. 
Such is the case in Greenland at the present time. 
The fine snow there accumulates on the mountain- 
tops, and is only got rid of by its freezing into a sheet, 
which is always moving down to the lowest level. 
In temperate and tropical climates, rivers carry off 
the excess of moisture — in Arctic countries this can 
only be done by the moving ice-sheets, termed 
“ glaeiers.” The Greenland glaciers debouch into 
the sea itself. The ice-sheet forms grand sea-cliffs, 
hundreds of feet high, into whose bases the angry 
sea eats caverns, until the toppling mass falls over, 
and floats away as an iceberg. Or the great ice- 
sheet thrusts itself right into the sea, creeping 
along its bottom until it comes to water deep enough 
to buoy up, break off, and float away the extreme 
end. 

You will have no difficulty in perceiving that the 
immense mechanical force exercised by such glaciers 
on the solid hard rocks over which they creep must 
be immense. You can easily conceive how the latter 
must be ground down and pounded into mud ; and 
also, how fragments would be broken off, frozen into 
the great icy mass, and slowly carried away. When 
that portion of the glacier into which some huge 
fragment has thus been frozen, reaches the sea, it 
would be broken off, and floated away as an iceberg, 
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Fig. 157. 


carrying the enclosed fragment of rock with it. 
Away drifts the iceberg, carried by oceanic currents 
in a southerly direction, until the warmer waters 
gradually melt it, and then down drops the rock to 
the bottom of the sea, to rest perhaps thousands of 
miles away from its parent source. 

The friction of a moving glacier elicits just 
enough heat to melt a portion of the ice, which 
flows away as water, carrying with it the finer mud 
or sand set free by attrition. Hence all the water 
flowing into the sea is turbid with mud, and this 
mud, as it gradually settles to the 
sea-bottom, is there forming what 
will some day he a geological de- 
posit. In this mud Arctic mollusca 
live and die, and will also some day 
y ) >,] . he found fossilized. It was in a 
common marine similar bed to this that I was 
shell in the Boulder dropped. Down I sank amid the 
Clays ‘ oozy mud, displacing the strata, 

and more or less causing them to assume a con- 
torted appearance. Well do I remember the effect 
produced by the largest boulders, dropped in a 
similar way into the same strata. They sank so 
deeply as to cause thin beds of shells, which had 
previously been horizontal, to wrap over and be- 
come almost vertical. In the Norfolk cliffs near 
Cromer, where what is known as the “ Coast Boul- 
der Clay” attains a great thickness, you may see 
masses of chalk imbedded, which cannot be less 
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than two hundred feet in length. The soft sand 
and clay beds near are so contorted that you would 
imagine an earthquake had produced the disturb- 
ance; but it was caused simply by the melting 
icebergs dropping their stony burdens. For ages 
this process went on — the land, glaciers grinding 
down the solid rocks, and the sea currents strewing 
the debris over the ocean floor. The icebergs, also, 
added no little to the accumulating mass. 

I am told that along the North Atlantic sea-floor 
there is going on a similar deposit. The thousands 
of icebergs which set out from the north every year 
gradually melt as they near the more southerly 
latitudes. There is a great stream of warm water 
called the “ Gulf Stream,” which sets out from the 
Gulf of Mexico, crosses the Atlantic, and impinges 
on the southern and south-western coasts of Great 
Britain. When the northern icebergs come into 
contact with it, they rapidly melt, so that, of 
course, the sea-bottom in that place might be ex- 
pected to be heaped up with the debris they had 
dropped. Actual soundings prove this to be the 
case ; so that if the North Atlantic sea-floor could 
be upheaved, you would have a series of loose 
deposits of sand, mud, boulders, &c., not unlike those 
which were formed during my own lifetime. 

I am not left without a natural barometer to fix 
the depth to which the dry land went down. In 
North Wales is a hill called Moel Tryfaen, and near 
its summit, at seventeen hundred feet above the 
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sea-level, is an old sea-beach, formed when the 
submergence had reached its maximum. After this 
there came as gradual an^ upheaval, and this is 
marked in various places in Great Britain by a 
graduated series of raised beaches, ranging in height 
from that above given to those only a few feet above 
high-water mark. Gradually the land appeared 
more extensively above the water. The climate was 
still intensely cold and Arctic. The icebergs coming 
from Scandinavia frequently brought with them 
Arctic plants growing on the frozen mass of gravel 
or sand. Whenever these icebergs stranded on the 
coast, these plants were able to migrate inland, and 
very soon they covered the new land with an Arctic 
and sub-Arctic flora. Those soft beds of sand or 
mud lying along the sea-bottom which first came 
within the influence of the surface-currents, were 
very much worn away or denuded. This was espe- 
cially the case with an extensive sheet known as 
the “ Chalky Boulder Clay,” from its containing so 
many small rounded pebbles of chalk, as well as 
large boulders of other rocks. 

Among farmers, this goes by the name of “ Heavy 
lands,” and the bed is usually found occupying the 
highest grounds, having been denuded by marine 
currents into what are now valleys. A good deal 
of the material thus worn away was carried by the 
waves to form beds of later date, which sometimes 
go by the name of “ Post-glacial,” although they 
were really deposited during the Glacial epoch. 
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In fact, some geologists are doubtful whether the 
glacial period is in reality quite oyer ! Of course, we 
boulders had no means by which we could be trans- 
ported, and so we were exposed to current-action. 
The waves rubbed us together, toning down our 
sharp angles, and very frequently obliterating the 
scratches and groovings which we had before borne 
as evidence of our ice-conveyance. In this way a 
huge plateau gravel or boulder bed was often formed 
on the highest grounds, the soft matrix having been 
washed away. 

When England was again joined to the Continent, 
and before the Straits of Dover had been cut out, 
the European land animals migrated hither. The 
climate, though still rigorous, was nothing like so 
cold as it had been during the middle of the Glacial 
period. Among the animals thus roaming amid 
semi- Arctic woods and wilds, were the “ Mammoth ” 
( Elephas primigenius) and the Hairy Bhinoceros. 
Both these animals were covered with long woolly 
hair to protect them from the severe cold. Ireland 
was then joined to England by way of the Isle of 
Man, and over this extensive prolongation of Europe 
in a westerly direction, another animal, the “ Irish 
Elk,” roamed in great numbers. The Beindeer, 
Glutton, Lemming, Muskdeer, and other animals 
affecting high latitudes, then abounded in England, 
their bones being frequently found in the later 
• deposits, as well as in the cave breccias. An almost 
Arctic flora covered the plains, and crept up the 
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Irish Elk ( Cervus rnegaceros). 

foot of the glacier, still remain in Scotland, Cumber- 
land, and Wales, to indicate how far these glaciers 
travelled. Where the ice-sheet descended from the 
mountains, of course there was the greatest amount 
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hill-sides as far as the then perpetual snow-line. 
Glaciers still debouched through the mountain de- 
files into the plains, and moraines, or heaps of 
angular stones, thrust forward by the advancing 
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of pressure. Here great hollows were scooped out 
of the hard, solid rocks, and these hollows are now 
filled with fresh water, and form the lakes of North 
Wales, Lancashire, and Cumberland, and, on the 
Continent, in Switzerland, The Swiss glaciers, by 
the way, were then much more extensive than they 
now are. At present their growth is impeded by a 
warm wind, which accumulates over the Desert of 
Sahara, in North Africa. But at the tim6 of which 


Fig. 160. 



Skull and Antlers of the Irish Elk. 


I speak the Sahara was a sea, as is indicated by the 
abundance of ordinary cockles and mussels found a 
few feet below its surface of terrible drifting sands. 
Then ho warm wind could form, and the European 
glaciers grew unchecked. Again, the temperate 
mollusca, such as oysters, cockles, mussels, &c., had 
migrated from our latitudes, and taken up their 
abodes in seas which, although farther south, re- 
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presented in glacial times, as far as the temperature 
was concerned, the present seas of Great Britain. 

As the climate became warmer, the Arctic plants 
left the lowlands, where they became extinct. Their 
places were taken by a more southerly flora, which 
originated in Asia Minor, and covered the greater 
part of Europe. The Arctic plants occupying 
the highest grounds, therefore, were the ohly 
remains of this once widely-spread Arctic flora, 
which could find suitable and fitting circumstances 
amid which they could live. And here the wan- 
dering botanist now finds them — living proofs of 
the truth of what I have been saying respecting 
the long Ajrctic winter of the northern hemisphere. 
Subsequently, Ireland was separated from the Con- 
tinent, England having been cut off some time 
before. When the climate had toned down, Man 
appeared on the scene. His weapons are found in 
the most recent of deposits, and his bones beneath 
the stalagmitic floor of limestone caves. The woolly- 
haired Elephant and Bhinoceros soon after disap- 
peared for ever ; the Glutton, Lemming, Beindeer, &c., 
like the Arctic plants, migrated with the decreasing 
cold into northern regions. Meantime, the bottom of 
the glacial sea had become dry land. The old, 
hard, and barren rocks had been thickly strewn 
with rich subsoils, the very elements necessary for 
agricultural purposes. Nature had done, by means 
of her glacier and other action, exactly what the 
scientific . farmer sometimes does when he . adds 
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artificial manure to improve his soils. She had 
ground and pounded all the older rocks to make up 
a new compound that should possess all their 
valuable mineral ingredients. In this way only 
could mankind have been blessed with the necessary 
elements for the purposes of husbandry. Thus, in 
comparison with other periods, that when man was 
introduced was especially favoured. 
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“ Where Tees, foil many a fathom low, 

Wears with his rage no common foe; 

For pebbly bank, nor sand-bed here, 

Nor clay-mound, checks his fierce career, 
Condemned to mine a channell’d way, 

O’er solid sheets of marble grey.” 

Scon’s Bokeby. 

§ AM the last of my race. My brother story- 
tellers have had their day, and ceased to be. 
Had you questioned me a few years ago, I 
should have been like Canning’s Knife- 
* We are indebted 'to Mr. John Evans, F.R.S., for the loan of the 
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grinder, and had none to telL Even now my story is 
not complete. New and revised versions are con- 
stantly coming ont, although their general truth 
remains unaltered. 

Who among my listeners has not played, when a 
child, in a sand or gravel-pit? We have them in 
abundance scattered over the surface of the country. 
But there are gravel-pits and gravel-pits — a differ- 
ence without a popular distinction. 

Those I particularly represent are usually situated 
on the banks of some great river- valley. Hence their 
other geological names of “Valley-gravels” and 
“ River-gravels.” Frequently they form terraces 
flanking the present course of the rivers, and you 
may identify two of these terracfes — a low-lying one 
and a higher. If you could strip off these banks of 
gravel, you would find the bare rock beneath, or else 
some thick sheet of boulder clay, which had been 
scooped out to make the present river- valley. Banked 
up against these old denuded surfaces are the gravels, 
whose excavations are so well known as pits. I am 
one of them, and I propose to tell you my story, as 
well as I can recollect it. Although I can hardly 
define the difference between the gravels to which 
I belong and those which belong to the Glacial 
series, generally the Middle Drift, yet the practised 
eye readily learns to detect that there is a difference. 

Flint implements illustrating this chapter. They are from his 
magnificent work on * The Ancient Stone Implements, Weapons, and 
Ornaments of Great Britain.* 
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The pebbles composing our beds are well rounded, 
showing they have undergone a tremendous deal of 
wear-and-tear. They are composed of different 
kinds of rock, just as you would expect when -you 
know the/ have been washed out of the boulder 
clays, or brought down by the river in its passage 
over the outcrops of successive beds. The flint 
pebbles have generally an oily look about them, and 


Fig. 162. 



Terraced Hills, Glen Oolombkill. 


all the pebbles are red and ochreous. Their position 
along the rivet-valley, however, is always the best 
test. Some of these valley-gravels are very thick, 
whilst others extend as mere banks of local distri- 
bution. All of them, however, indicate some degree 
of antiquity, inasmuch as you will find ancient trees 
growing on the most recent of these terraces, and, 
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here and there, old ruins which stand upon them. 
In fact, the gravel-pits indicate a gradual rise in 
the land for them to occupy their present heights 
above the river-level. The gravels were originally 
brought down by the ancestor of the present river 
when it was broader and perhaps more turbulent, 
at the close of the Glacial epoch, when the climature 
was more severe than it now is, and the quantity of 
rain and snow which annually fell much greater, so 
that the river- valley was subjected to great floods, 
which brought down the materials of which we are 
composed. 

As the land gradually rose, and the climate be- 
came more genial and toned down to its present 
mildness, the waters of the river shrank in volume, 
until only the present channel was occupied. But 
the heights to which we river-gravels rise above 
the water not only indicate how old we are, but, in 
some cases, go back as far as the commencement 
of the original scooping-out of the valley itself. 

All this would be very interesting in itself, as 
geological action connecting the most recent of the 
great physical changes with those we see in opera- 
tion around us. But the interest of these valley- 
gravels is still more enhanced when my listeners 
understand that it is in them that the first evidences 
of Mans appearance on the earth are met with ! All 
my brother story-tellers have had their say, and 
many of them have described the commonest of the 
animals and plants of their time; but not one of 


Digitized by v^ooQle 



260 


THE STORY OF A* GRAVEL-PIT. 


them mentioned that mankind was living at the 
time. It was reserved for so humble and common- 
place an object as a Gravel-pit to unfold the most 
important of all geological discoveries. Men have 
speculated as to their original ancestors living as 
far back as the Miocene period, but they have 
adduced no facts in support. On the contrary, I 
yield nothing but facts, and those in great abun- 
dance. In the gravel-pits you meet with the 
chipped flint implements, of which you have doubt- 
less already heard. They are imbedded, as stones, 
along with the other material, having been brought 
down by the ancient rivers in the same way as 
pebbles. , 

But they are undoubtedly of human workmanship. 
This cannot be gainsaid. You see this at once by 
the flints having been carefully, and in many cases 
artistically chipped down to a cutting edge all round. 
They are generally spearhead-shaped, and about 
six to nine inches long. Had they not been con- 
nected with the question of the antiquity of Man, 
you would never have heard a word said about their 
not being of human manufacture. As it is, in order 
to steer clear of this disagreeable truth, many have 
invented all kinds of ingenious hypotheses to 
account for the flints getting chipped in this regular 
fashion. But it requires far more faith to believe 
in these theories than it does in the other common- 
sense inference. 

The most damaging fact to them is the identity 
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Rough Neolithic Implement, from Pressigny. 
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in pattern of these cut and chipped flints wherever 
they may be met with. Another important incident 
is this — the chipped flints are only found in the 
valley-gravels or in deposits of the same age. If 
they have been chipped by accident, there is no 
reason in the world why they should not be found 
in gravel-pits of much older date. 

From the time when primitive Man used these 
flint weapons for almost every purpose, slaying wild 
animals with them, cutting down trees and scooping 
them o^ for canoes, making holes in the ice with 
them for fishing purposes — since then you can trace 
the whole history of offensive and defensive weapons. 
Antiquaries and geologists call these most ancient 
of implements Palaeolithic , — meaning, in Greek, that 
they are the oldest known ; and the age in which 
they were produced consequently is known by the 
same name. When Man first appeared, if we are 
to reason by the remains with which we find those 
implements associated, the woolly-haired Elephant, 
or Mammoth , and the woolly-haired Rhinoceros 
were both natives of Great Britain. It is frequently 
objected that you do not find the tones of man 
associated with these tools; but the reason is not 
difficult to find. 

Let us remember how few of the bones, &c., of 
the ancient Romans and Saxons are met with in 
proportion to the number of more enduring orna- 
ments, coins, &c., they left behind them. Then again 
the valley-gravels lie in the line of greatest drainage 
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toward the river, and, as they are porous, the sur- 
face water percolates through them on its way to 
the lowest level. Any particle of carbonate of lime, 
whether in the form of bone or not, which was 
deposited in these gravels, would thus be dissolved 

away. Hence it is that, 
although the huge bones 
of elephants, &c., were uii- 
doubtedly buried up in the 
same gravels, we find few 
or no traces of them. The 
commonest of their re- 
mains are teeth and tusks , 
whose dentine and ivory 
structure saved them from 
the gradual destruction to 
which the frailer members 
of the skeleton were liable. 

Fortunately, there were 
other agencies at work 
during the same period, 
which were conservative 
rather than destructive. 

Flint Arrow-head (Neolithic). J n ^he figg^res of lime- 
stone rocks, where water is percolating, the water 
is usually charged with carbonate of lime. Every 
drop of water that evaporates on the surface of the 
walls of a chasm or natural hollow leaves its con- 
tained particle of lime behind. This process is 
always going on, until there has been left on the 
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Fig. 166. 


walls a great fold or layer of what is called stalactite . 
The water drips on the floor, and there a portion is 
evaporated, the lime being left behind. 

As yon may guess, the process is marvellously 
slow, but the layer thus formed on the floor is called 
stalagmite . It is not difficult to 
see that anything lying on such 
a cavern-floor would be incrusted 
over, and eventually covered up. 

This is what I call a conservative 
process. Now at the time the 
valley-gravels were forming, 
savage man was glad to avail 
himself of any shelter, and the 
natural caves and hollows of the 
earth were anxiously sought 
after, as they are now by the 
lowest tribes of mankind else- 
where. To such places as 
Kent’s Cavern, Brixham Cavern, 

&c., savages resorted, bringing 
with them the fruits of the 
chase. Here you may find the 
bones of animals which had been Palaeolithic Flint Impie- 
split open in order to extract ments J Tom Kent ’ s cv 

,7 n iv n- u vern, Torquay. 

the marrow, as well as the flint/ 
knives and implements of exactly the same kind as 
those found in a gravel-pit. Over these there has ac- 
cumulated a layer of stalagmitemsnj feet in thickness ; 
thus carrying you back in time as far as does the 
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knives deposition and origin of the valley-gravels 
themselves ! 


Fig. 167. Yon see, therefore, that the two 



Portion of Core, from 
which flint knives 


most accessible groups of facts both 
point to the same great fact of the 
antiquity of Man. Succeeding the 
Palaeolithic age is that provisionally 
known as the “Reindeer period,” 


have been chipped; on account of the large number 


Kent’s Cavern. 0 f the remains of that northern 


animal which have been found in the bone-caves of 


the south of France. England and the Continent 
were then subjected to the periodical migrations of 
Arctic animals, among which were the Reindeer, 
Lemming, Glutton, Elk, &c. The flint implements 
found associated with the remains of these animals 


in the south of France exhibit a superior skill, indi- 
cating that man’s nature was to progress, even at 
that early stage. 

Rude attempts at carving and drawing were also 
indulged in, as examples in your principal museums 
will attest. Then succeeded the next stage, known 
as Neolithic , or “ Newer Stone age,” which is dis- 
tinguished by the greater variety in shape of the 
flint implements, and, more particularly, by the fact 
that they are for the most part ground smooth and 
to a sharp knife-like cutting edge. These weapons, 
however, are usually found strewn on the surface, 
or imbedded only in peat-bogs and the most recent 
of river-deposits. Whereas the Palaeolithic types are 
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Ancient Neolithic Flint Knife. 

Neolithic types of Flint Instruments. 
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^limited to valley-gravels and the most ancient of 
bone-caves, the Neolithic show, by their universal 
distribution and superior workmanship, that they 
belong to an advanced period. All the savage races 
still using stone weapons are generally islanders, 


Fig. 171 . 



Polished Stojie Celts (later date), from Cambridgeshire. 

cut off from the great centres, so that they are 
“outliers” of a system once universal. This later 
period is that of the “ Lake Dwellings,” which links 
on to that known to antiquaries as the “Bronze 
period.” To this succeeds the Iron age, and, if you 
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like, the present, or “ Steel ” age. The two former 
are historical — come within the range, not only of 
scientific deduction, but also of written history. I 
have simply mentioned them to show how, from the 

Fig. 172. 


Stone Celt (Neolithic), mounted in wooden haft, showing how these 
implements were used. The haft and weapon preserved in peat, 
Cumberland. 


time when the most ancient and rude of the flint im- 
plements were deposited in the river-gravels, there 
is more or less of an unbroken sequence. 
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Archaeology commences where geology leaves off 
— the past and the present meet on common ground. 
Standing on this neutral area, you may gaze backward 
into the illimitable ages which have gone by, and see 
the gradual ascension in animal life which began in the 
dim and distant Laurentian epoch in the animalcule, 
and has terminated in Man. Looking forward from 
the same vantage-ground, you may hopefully note 
the development of society, the growth of civiliza- 
tion, and probability of the unfolding of the social 
and moral attributes of man as marvellously as the 
lower animal life has culminated in its existing 
apex ! Throughout, in the buried past, as well as 
in the yet unfolded future, you never lose sight of 
the operations of an Almighty Spirit — ever working, 
never resting ! —out of chaos bringing forth order 
— K)ut of simple protoplasmic material educing the 
animal and vegetable kingdoms, in all their multi- 
tudinous types and varieties, until a small area like 
the superficies of this planet has teemed with life 
sufficient to stock a million existing worlds! One 
generation has passed away, but, in doing so, has 
furnished a new basis on which the new comer may 
ascend to a higher physiological platform. Every 
form, animal and vegetable, has been but the ex- 
pression of Divine Love, communicating to them 
the excess of its own joyous life ! Every species 
has been an outwardly crystallized Divine idea. 
Spirit has clothed itself with matter, until in Man 
the past and the future have met : the ancient 
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Greek fable has been more than realized, for it has 
been true spiritual fire from heaven — given, not 
stolen — which has been inspired into fleshly clay ! 

My story is now ended, and, with mine, the series, 
whose purpose has been to give as plain an outline 
of the biography of our old world as possible. It 
will have been seen that a story may be properly 
read off, even from so common and ordinary an 
object as a Gravel-pit. In geology, more than any 
other science, he that humbleth himself shall be 
exalted ! All its objects lie at your feet, and are of 
the lowliest kind. Not a pebble you accidentally 
kick before you, not a handful of dust blown by the 
wind into gutters, not a spadeful of soil turned 
over, but each is fraught with teaching of the 
utmost value and of the intensest interest. It is by 
recognising a Cause that you alone can unlock the 
secret, setting out with the full belief that every- 
thing exists by virtue of a right — has resulted, not 
from accident, but law, — until you arrive at the 
highest conception of which man is capable, — that 
the total of these various laws meets and concen- 
trates into one focus, and finds its' expression in a 
personal and Almighty God ! 
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S N the preceding pages we have endeavoured 
to limn, but in faint and sketchy outlines, 
the biography of our planet. We now 
propose still more briefly to connect the 
scattered ideas into a short summary. Perhaps the 
most difficult thing a person experiences when he 
comes into contact with geological teaching for the 
first time, is the great demand made upon his 
imagination for the article of Time , in which to 
account for geological phenomena. 

It bewilders one to contemplate such a practical 
eternity, and we ask — “ can all this be true ? ” 
Many cannot accept the doctrine, but turn away 
sceptically discontented, thinking they are doing 
heaven service, by adhering to the older idea that 
the world is only some six thousand years old, as if 
the Deity were complimented by supposing His 
attributes were more honoured by limiting their 
display to six thousand years, than they are if 
extended into the past, and made eternal. The 
more we study the phenomena of geology, however, 
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and the more knowledge of natural science we bring 
with us to the task, the more profoundly impressed 
do we become with the vast antiquity of our planet. 

Many men fall into the error of supposing that in 
discovering new laws in the, universe, we are exiling 
the Deity, and giving to the operations of these laws 
the power that is really His. Even scientific men 
sometimes speak of the laws of nature as if they 
were entities, forgetting they use the term simply as 
a figure of speech. For, as Dugald Stewart has 
shown, the term “ law ” can only be applied in its 
correct sense to conscious agents, capable of under- 
standing the rule of conduct laid down, of obeying it 
or disobeying it. When we apply it to such a system 
as that which guides the planets, which arranges the 
animal and vegetable kingdoms, and which directs 
the operations of physical geography, we are speak- 
ing of unconscious objects, which cannot obey law, 
inasmuch as they are not conscious of it. To their 
relationships, therefore, the word “ law ” is used as a 
figure of speech, and limits itself to the mode by 
which an active Providence is operating on matter. 

Though it may seem strange indeed to hear that 
the world has been in existence millions of years, and 
that its surface has been covered by numberless 
creations of animals and plants, yet the true natu- 
ralist sees in these extinct faunas and floras, conjoined 
with the present, only one great and harmonious 
scheme ! In the fossils of the rocks we have a gra- 
duated scale of animal and vegetable life, and we have 
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seen how, in spite of the imperfection of the geolo- 
gical record, it is possible to link object by object 
together, so that, when extended from the remote 
past to the present, they form a connected chain. 

Our planet’s earliest existence seems to have been 
that of a cosmical mass — a sort of world-fog or 
vapour — something like those revealed by the tele- 
scope as being still in existence. Some of the best 
astronomers have shown that the probable origin of 
the entire Solar system has been a condensation of 
this cosmical vapour into planets, satellites, and plane- 
tary rings. Whether this was the case or not, it is 
certain that there is much in the shape and physical 
constitution of the planets to lend support to the 
idea. But, with the oblate shape of our globe, and 
its probable evolution from a cosmical mass, the 
geologist has little or nothing to do. But he knows, 
from the fact of igneous rocks having repeatedly 
been injected into the stratified rocks, so as to bind 
them together, as mortar does the bricks of a wall, 
that the interior of the globe still contains molten 
matter. 

The first time the geologist can lay his hand on a 
formation distinct in its character from the primitive 
igneous rocks, it is when he comes to the Laurentian 
system. They are thirty thousand feet in thickness, 
and so contorted and changed by the pressure, heat, 
and mechanical forces to which they have been 
subjected since the infancy of the world, that all 
original characters have been obliterated. But, by 
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the aid of the microscope, the explorer is yet able to 
discern that the ancient sea along whose floors these 
mica-schists, gneisses, and quartzites were deposited 
as muds and sands was not a lifeless area, but was 
tenanted by lowly creatures after their kind. The 
only solitary known fossil from the altered limestones 
of the Laurentian formation — the Eozoon — is suffi- 
cient to prove this. And from the occurrence of this 
lowly-organized creature up to the present, we never 
afterwards lose sight of the graduated life-scheme 
recorded in the rocks ! There is many a difficult 
chapter to spell out, many a leaf missing, but there 
is still sufficient left to interpret the stony scroll. 

Above the Laurentian system lies the Cambrian. 
But we should remember that this classification of 
the rocks into formations and systems is, at the best, 
but a harsh and forced one — a remnant of the time, 
not long ago, when men believed there were distinct 
creations and destructions of separate faunas and 
floras. Geological and, in fact, all natural history 
classification is but an arbitrary arrangement to 
enable the human mind, in its faintness, to grasp 
and arrange the multitudinous facts presented to it. 
In reality there is no separation of geological systems, 
but more or less of a graduation of one into another. 
The world's biography is like a man's, not like a 
butterfly’s, consisting of metamorphosed states, each 
unlike the other, and definitely separated from it. 
In the«Cambrian formation, we find that life, which 
had begun, as it were, from a point, was radiating like 
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the rays of light from a focus. Here we find the 
lowest order of shell-fish ( brachiopods ), worms, and, 
towards the later period, Crustacea. 

But it is in the Silurian system that we find the 
stream of life broadening out. The seas are full of 
coral-reefs, bivalve and univalve shells, huge Crustacea, 
tolerably highly-endowed Trilobites, &c. At the 
close of the formation, we came on placoid fishes, 
the first vertebral types. Thus we find a lateral 
development of species, in size, and a vertical one 
in organization. Then comes the Devonian, or 
Old Bed Sandstone epoch, whose seas abounded in 
strangely-clad and gigantic ganoid fishes, and whose 
deeper waters were busy with the manifold com- 
plexities of marine life. The dry land was scantily 
covered with a thin vegetation of a cryptogamous 
type, or of the lowliest of the exogens. Great fresh- 
water lakes existed, set in beautiful frameworks of 
tree-fern and huge club-moss. But it is when the 
Carboniferous era commences that we find abundant 
evidence of a dense flora, although one of a very 
lowly kind. Every foot of dry land 1 , where the 
circumstances were favourable, seems to have been 
densely covered with forests, the trees of which now 
find their nearest allies in our “Horse-Tails” and 
club-mosses. Enormous Sigillaria , Lepidodendra , 
and tree-ferns constituted this vegetation, whilst 
there was no lack of species of Conifera. In the 
Carboniferous limestone period, which immediately 
preceded that of the coal measures, we have ample 
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evidence of seas in which life was very abundant, 
where floors were covered with thick submarine 
forests of sea-lilies, and which had numerous colonies 
of brachiopodous shells. Cephalopods, such as Ortho - 
ceras, Nautilus , and Goniatites , abounded, and thus the 
huge thickness of limestone rocks grew out of their 
accumulated remains. The fishes were bony-plated, 
and, in the structure of their teeth, many of them 
showed decided reptilian affinities, It was in the 
waters of the Carboniferous seas that the first reptiles 
appeared, as the Archsegosaurus — a creature belong- 
ing to the lowest order of reptiles, the amphibia. 
It exhibits decided affinities to the fish, as the 
ancient fish do to the reptiles. 

In the Permian epoch, geologically brief though it 
was, the physical geography seems to have been 
varied. Here we have evidence of a cold climate, and 
of glacial conditions, during which the “breccias” 
were formed. Keptiles of a higher class abounded, 
and these are now known as Thecodonts. With the 
close* of the Permian, we have the termination of 
the Primary, or Palaeozoic division of geological 
time. 

The Triassic epoch, or that of the New Eed Sand- 
stone, offers to us fresh scenes and new creature 
forms. Huge frog-like reptiles abounded, and left 
their numerous foot-prints on the soft muds. In 
the deeper seas, new species of sea-lilies grew, and 
new forms of cephalopods, such as Ammonites and 
BelemniteSy existed side by side with the old-world 
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forms, that were now rapidly dying out. Thus the 
Triassic limestones of Germany are as crowded with 
organic remains as the mountain limestone of Derby- 
shire. Elsewhere, the dry land was covered with saline 
lakes, or “ Dead Seas,” along whose floors Eock-salt 
was deposited. In America, the first birds appeared, 
whilst at the close of the Triassic era in Europe we 
have distinct and sure proof of the first introduced 
mammals. The latter belong to the group which 
all naturalists have by common consent placed at 
the bottom of the sub-kingdom mammalia. Thus it 
will be seen that the order in which the new groups 
of animals appeared on the stage of creation, is also 
that which we have ourselves arranged, more or less, 
as that of true succession. 

With the Lias, we have the commencement of that 
“Age of Reptiles” which well deserves the name. 
New forms of cephalopods appeared, the Ammonites 
literally swarming in the seas, and actually forming 
limestones by their accumulated ' remains. New and 
complete species of sea-lilies grew on the ancient 
ocean-floors — new plants, cycads and zamias, as well 
as complex- veined ferns, on the dry land. But the 
chief animal forms which strike the eye are the 
reptiles— modified then to every condition of life, 
as we find the mammalia are now. As Ichthyosauri 
and Plesiosauri they were the tyrants of the deep ; 
and as Pterodactyles they winged the air like bats, 
their size being often bigger than that of any exist- 
ing bird. During the succeeding Oolitic period, 
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huge reptiles lived on land, such as the Megalosaurus , 
Hylseosaurus, and Iguanodon. Some of the reptiles 
walked on two legs, like the modern kangaroo, and 
were decidedly allied to birds. The first known 
European bird now put in an appearance, its feathers 
and bones having been found in the Solenhofen 
slates. It had a long vertebrated tail like that of 
a lizard, feathered down to its tip. In other respects 
also it possessed reptilian affinities. Mammalia 
abounded, but still as marsupials, although there 
had been a division into herbivorous and carnivorous 
species. We have evidence of great fresh- water lakes, 
along whose floors thick beds of limestone were 
formed by the slow accumulation of Paludina and 
other fresh-water shells. A great river watered a 
great continent, and at its mouth was formed a 
Delta, since known as the Wealden formation. Out 
in the blue sea, coral reefs fringed the rocky coasts ; 
bony-plated fishes and sharks were in plenty, some 
of the former living on the mollusca. 

Then comes that period of great depression when 
the chalk strata were formed along the floor of a 
very deep sea, as its organisms plainly prove. For 
this white chalk is chiefly made up of shells so 
minute that the naked eye cannot perceive them. 
Many of the same types, of marine creatures still 
lived, reptiles, brachiopods, and cephalopods. Echin- 
oderms were more abundant than ever, and their 
remains are to be found in every chalk quarry. A 
peculiar reptile, the Mososaurus , lived in the deep 
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sea, and was a most formidable animal. The sea-bed 
produced dense crops of sponges, great and small, 
some of them of as ornate a character as the recent 
“ Venus’ Flower-basket.” On the dry land, towards 
the close of the period, there appear for the first 
known time trees of a higher order, such as the Oak, 
Walnut, and Elm. Thus came to a close the 
Secondary or Mesozoic division of geological time, 
during which we have seen animal and vegetable 
forms attaining higher and complexer organizations. 

The last, or Tertiary epoch, commences with the 
Eocene beds, in which warm-blooded animals appear 
so common, that the Tertiary has been not unfitly 
called “ the Age of Mammals.” Many of these mam- 
mals united characters which since then' have been 
distributed among half-a-dozen later animals. In 
fact, nearly all the Eocene and Miocene mammals are 
veritable “ Missing Links ! ” We have, in the 
former period, evidence of at least a sub-tropical 
climate in Britain : palm-trees, tree-ferns, &c., grew 
abundantly. The seas had what we now regard as 
sub-tropical shells, Typhia, Volutes , Cones, &c., living 
in them, as well as turtles, sharks, sword-fish, &c. 
In the rivers, gavials and crocodiles wallowed. To- 
wards * the close of the Eocene, monkeys made their 
appearance in English woods ; whilst in the Miocene 
period, they swarmed in several species all over 
Europe, one of them, singularly enough, being more 
anthropoid, or “ man-like,” than any now in existence. 
Extensive forests of warm temperate plants grew all 
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over the northern hemisphere during the Miocene 
age ; and there does not seem to have then been any 
ice-cap at the North Pole, for these virgin forests 
grew in Iceland, Greenland, and Spitzbergen. Ele- 
phants and mastodon, camels and giraffes, deer and 
oxen, now made their appearance. Great fresh- water 
lakes existed in Switzerland, along whose bottoms 
the decaying vegetation accumulated to form Lignite 
beds. In central France, Scotland, and Ireland, 
volcanoes were very active, as the lava sheets plainly 
prove. 

In studying the Miocene plants, shells, &c., we 
come across the same genera as are still in existence, 
so that the naturalist cannot turn away from the 
impression that many of our modern species are 
lineal descendants. In the “ crags ” of Norfolk and 
^Suffolk, this impression rises to a certainty, for in 
them we actually do meet with hundreds of species 
of shells of exactly the same kind as those still in 
existence. These “crag” beds belong to the suc- 
ceeding Pliocene period, and they tell us very plainly 
of a refrigeration, or toning down, of the climature. 
This indication is fulfilled when we study the beds 
of the Northern Drift — those accumulations of sand, 
gravel, and clay which occupy the area of the 
northern hemisphere. These were all formed under 
glacial conditions, and Europe lay for centuries 
beneath a thick swathing of land-ice. Arctic plants 
and Arctic mollusca lived in British latitudes. Our 
higher mountains sent forth streams of glaciers, 
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which scratched and pounded the solid rocks over 
which they moved. In British seas icebergs were 
continually stranding and floating, dropping their 
burdens of sand and gravel, as well as the huge 
masses of rock which had been frozen into them. 
As boulders we frequently meet with these erratics, 
which had thus been carried miles from their native 
or parent bed. 

It was after the elevation of the glacial sea-bed 
into dry land, when the climate had toned down 
from its arctic vigour, although still much colder 
than it is now, that Man first appeared on the scene. 
His rude flint implements have been found abundantly 
in the valley gravels of existing rivers, formed when 
those rivers had a greater volume of water than they 
have now. From that distant time to this, we never 
lose sight of him and his works, and there is exhibited 
in his history a similar development, or elevation, 
from a lower to a higher stage, to that which we 
'have seen marking the lower animal and vegetable 
kingdoms in their appearance on the platform of 
existence. But it does not follow that because we can 
plainly trace the mode in which Deity has chosen to 
operate, that therefore He has been superseded by 
His own laws. Bather, it brings Him awfully near, 
for in the constant regulating and leading upwards 
of the organic world we never escape His presence ! 
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In the foregoing pages frequent reference has been made 
to geological systems, formations, and divisions, besides the 
employment of other technical terms. We have therefore 
given, at the end, the following Table of the British Bocks, 
from the Catalogue of the School of Mines, Jermyn Street. 

The following Table shows the Succession of the British 
Formations, beginning with the newest Strata. 

Table op British Formations. 
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O 

N 

O 

Jz; 

I— I 
< 
o 



r Brown Sand of various ages. 

; Alluvium „ 

■ Peat „ 

- Raised Beaches „ , 

Cave Deposits „ 

; galley-, of Low-level Gravel. 
Brick Earth „ 


High-level Gravel' 
and 

Glacial Drift 
(Till and Boulder 
Clay) ( 


of various ages. 


Cave Deposits. 
Norwich Crag. 
Red Crag. 
Coralline Crag. 

Leaf Bed of Mull. 
Lignite of Antrim. 
Bovey Beds. 
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Hempstead 

Beds. 


Bembridge 

Beds. 

Osborne 

Beds. 


( Corbula Beds 
Upper Freshwater 
Marls 
Middle „ 

Lower „ 

j Bembridge Marls . . 
\ „ Limestone 

j St. Helen’s Sands 
\Nettlestone Grits 


and Estuary 




{ Upper Headon Beds 
Middle „ 

Lower „ 

I Upper Bagshot Sand. 

Middle „ {B^kl^ham Beds. 
Lower „ Sand and Pipeclay. 
( London Clay and Bognor Beds. 


Clay). 
Thanet Sands 


O 


A 
u g 
© © 
P« o 


Chalk 


Q 


Lower 

Greensand. 


i \ i 


j Woolwich and Reading Beds (Plastic 

( Upper Chalk. 

Lower „ 

Chalk Marl. 

Chloritic Marl. 

Upper Greensand. 

Gault. 

{ Folkestone Beds. 

Sandgate Beds. 

Hythe Beds (Kentish Rag). 

Atherfield Clay. 

Weald Clay. 


Upper Tunbridge Wells Sand. 
Grinstead Clay. 

Hastings! Lower Tunbridge Wells Sand. 
Sand. | Wadhurst Clay, 

Ashdown Sands. 
lAshburuham Beds. 
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Purbeck 


Upper Purbeck Beds. 


Middle „ 
Lower „ 


I 

£ 


Portland 


( Portland Stone. 
„ Sand. 
Kimeridge Clay. 



0 1 * ( Lower Calcareous Grit. 


Oxford Clay 


( Oxford Clay and 
\ KellawayS Bock. 


8 


’ j Cornbrash. 

Forest Marble < Forest Marble and 
( Bradford Clay. 


{ Great or Bath Oolite. 

Stonesfield and Collyweston Slate and 
Northampton Sands. 


1 


<x> 


* 

o 


Hi 


Fuller’s 

Earth. 


( Upper Fuller’s Earth. 
< Fuller’s Earth Rock. 

( Lower Fuller’s Earth. 


Inferior 

Oolite. 


I Ragstone and Clypeus Bed. 
Upper Freestone. 

Oolite Marl. 

Lower Freestone. 

Pea Grit. 


OD 



Middle „ Marlstone. 

.Lower „ Lias Clay, Shale, and Limestone. 



White Limestone or Westbury Beds. 
Bone Bed. 


I Red Marl and Upper Keuper Sandstone. 
Lower Keuper Sandstone and Marl 
(Waterstones 
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| Banter 


I Muschelkalk, absent in Britain. 

St. Gassian Beds , „ 

Dolomitic Conglomerate (of Keuper or 
Bunter age, Somerset and Glou- 
cester). 

{ Upper Red and Mottled Sandstone. 
Pebble Beds. 

Lower Red and Mottled Sandstone. 


Permian 


(Upper Red Marl. 

1 Upper Magnesian Limestone 
Lower Red Marl .... 
Lower Magnesian Limestone 
Red Marl, Sandstone, Breccia, 
Conglomerate (Rdthe-liegendo). 


Zech- 

stein. 

and 


« 

◄ 

a 

HH 

« 

o« 

S 

o 

tsj 

0 
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England. 


Scotland. 


Coal 

Measures. 


pner Coal Measures. 
| Middle 

Pennant Grit. 

I Lower Coal Measures 
Gannister Beds. 


Upper Coal- 
Measures. 


Millstone Grit \ 
(Farewell Rock)./ 


Moor Rock. 


Carboniferous 

Limestone. 


I 


Upper Limestone ^ 

Shale (Yoredale j Upper Limestones, 
Rocks). ^Edge Coals Series, 

Carboniferous | Lower Limestones. 
Limestone. j 


Lower Lime- ’ 
l stone shale.' 


Sandstones, Shales, and 
Burdie House Lime- 
stone. 


B§ 4 


Devonian 


I Upper Devonian and Petherwin Lime- 
stone. 

Middle Devonian Limestone and Corn- 
stones. 

Lower Devonian. 
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Tiles tone. 

( Upper Ludlow. 
Aymestry Limestone. 
Lower Ludlow. 


& 

s' 


Wenlock 


Wenlock Limestone. 

Wenlock Shale, Sandstone, and Flags. 
Woolhope Limestone. 

Denbighshire Grits, Shales, Slates, and 
Flags. 

♦ 

Tarannon Shale (Pale Slates). 

Upper Llandovery Rock. 

(May Hill Sandstone). 
(Pentamerus Beds). 


X 


QQ 


% 


Llandeilo 

l 


s 

x 

rO 

a 

6 


}> Cambrian 

J 


Lower Llandoverv Rock. 

Caradoc or Bala Beds. 

Upper Llandeilo Flags and Limestone, 
&c. 

Tremadoc Slates. 

Lingula Beds. 

^Harlech Grits, &c. 

Purple Slates and Grits (St. David’s). 

! Llanberis Grits and Slates. 

| Longmynd Rocks. v 

Red Sandstone and Conglomerate 
[ (Scotland). 



Gneiss of the Lewis, &c. 


The above table, it will be seen, has reference to what are 
called “ typical ” sections of the different formations — that is, 
to those exposures of rocks which have been most studied 
and are best known. Hence many of the names of the for- 
mations and groups are more or less local, as this was the 
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only available manner of naming the snb-divisions when 
geology was a young science. It may seem absurd to speak 

Fig. 173. 



Illustrations of “ Anticlinal ” strata. 

of “ Devonian ” (or Devonshire) rocks in America, for instance, 
as we are forced to do by this method of nomenclature ; but, 
after all, it is not more singular than to call the language 
spoken in the United States English. 

The following terms are largely used in every work on 
geology, even the most elementary, and, as they cannot well 
be avoided, perhaps it will be desirable to give a short ex- 
planation of them. Stratum (from the Latin word meaning 


Illustration of “ Synclinal ” strata. 

to strew or spread out) means a single bed of rock, sand, 
gravel, or clay. When rocks, therefore, lie in parallel layers, 
they are said to be stratified ; and when there is no appear- 
ance of such arrangement, they are termed unstratified 
Strata is the plural of Stratum. A geological Formation 
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means an assemblage of rocks which have some character 
in common, either of age, origin, or composition. Usually 
such rocks are grouped together into a system by having 
a great number of fossils common to them. Both in the use 
of this word, and System, however, there is a great deal of 
looseness. The latter signifies groups of strata which have 
intimate relations to each other, generally in the order or 
sequence of their deposition. Epoch is a word frequently 
used to express a particular division or period of geological 
time. It is, therefore, employed as being almost synonymous 
with " Age ” or “ Era.” 

By the term Conformable, is meant that the strata lie in 


Fig. 175. 



Illustration of “ Dip ” of strata. 


parallel order, one above another. When this is not the 
case, but when one set of strata, for instance, lies on the 
upturned edges of the lower, the two are said to be Un- 
oonformable. Unconformability is generally regarded as a 
proof of a break in the order of deposition, and therefore 
of a period of time, sometimes very great, having elapsed in 
the interval of the formation of the two groups of rocks. 
By the Dip of a rock is meant the angle or inclination at 
which the strata slope. This is always measured from the 
level of the horizon. The opposite of Dip is Kise — a word 
much in use among coal-miners. They both mean the same 
thing, only Dip has reference to the position of the observer 
standing at the surface, who sees the rock sloping away from 
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him — whereas when standing, say at the bottom of a coal- 
pit, and looking at the same bed, he sees it rising. Another 
frequent word, and one that often causes much trouble to 
the young geologist, is Strike. It means the direction, or 
line of outcrop, of any stratum. The strike is said to be 
always at right angles to the dip . The best way of illus- 
trating the difference is by supposing the reader to be on the 
roofs of a row of cottages. Then the ridge running in their 
length would represent strike, or extension, whilst the sloping 
of the tiles on either hand would illustrate the dip. We 
have already used the term Outcrop, and the reader will 
have little difficulty in understanding what it means. It 
signifies that part of any inclined stratum of rock which 
oomes to the surface of the ground. Sometimes, if the rock 
be hard, it thus forms more or less steep cliffs. Hence, 
whenever a rock thus comes to daylight, it is said to “ crop 
out.” 

With these few words of explanation for the benefit of the 
young and unsophisticated student, we bid him “ God-speed’ * 
to a study which cannot fail to give him health and strength, 
both of body and mind ; or lead him to a wider and broader 
knowledge of our old world, and of "the Power whose wisdom 
and love have nursed it from the earliest times ! 


« 
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The following Table shows the Succession of the 
American Formations, beginning with the newest 
Strata. 


Table of American Formations. 



Oolite or Lias.( 
| Triassic. 

I 


Peat-Mosses and Savannahs. 

Kiver Alluvia and Deltas. 

Superficial Gravel, and Raised Beaches. 

Glacial Drift, or Boulder. 

Formation of the Northern States and 
Canada. 

Pampas Formation of South America. 

Sands of James River and Richmond, Vir- 
ginia; Limestones, Clays, and Sands of 
North Carolina ; Greensand and Marls of 
Maryland. 

Caibome Beds, Alabama. Limestones and 
Clays of the Carolinas. 

Yellow Limestone and Greensand of New 
Jersey, &c. (in part) ; Limestones of the 
West Indies and Columbia, South America ; 
Strata of the Saskatchewan Prairies and 
Vancouver’s Island. 

Sandstones, Shales, and Coal of the Richmond 
Coal-field, Virginia/?) 

Coal-fields of Richmond, Virginia, and of 
Chatham, North Carolina. Red Sandstones 
of Connecticut, Mass., &c. 


Carboniferous.-} 

1 


Coal Formation, or general Coal Measures; 
Lower Carboniferous, or Pentranite Lime- 
stone ; Gypseous Beds and Encrinital Lime- 
stones of Nova Scotia; Sandstones and 
Conglomerates of Pennsylvania ; Gypsum, 
Marls, and Conglomerates of Nova Scotia. 


Devonian, or | 
Old Red Sand--} 
stone. | 

l 


Old Red Sandstone of the Catskill Group; 
Chemung Group; Portage Sandstones; 
Genessee Slates ; Tully Limestones ; Ha- 
milton Rocks ; Marcellus Slates ; Onondago 
Limestones; Schoharie Grit; Candigalli 
Grit ; Oriskany Limestones. 
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' Upper Pentamerug Limestones; Delthyris 
Shaly Limestone ; Lower Pentamerus Lime- 
stone; Waterlirae Rocks; Onondago Salt 
Rock; Coralline Limestone, Schoharie; 
Silurian Niagara Shales and Limestones; Clinton 

Strata. ' Rocks; Medina Sandstone; Oneida Con- 
glomerates; Hudson River Rocks; Utica 
Slates ; Trenton Limestones ; Bird’s-eye 
Limestones ; Chazy Limestone ; Calciferous 
[ Sandstones ; Potsdam Sandstones. 


| Lowest Fossiliferous Rocks of Wisconsin and 
Cambrian. < Minnesota ; Huronian Sandstones, and 
( Chloritic and Gneissic Schists. 

( Gneiss and Hornblende Schists of the St. 
Lawrence (Labrador Series), and Adixonack 
juAUKENTiAM. \ Mountains. Gneissic Schists, Quartzites, 
I Crystalline Limestones, and Serpentines of 
' the Laurentian Mountains, Canada. 
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Acidaspis , 51. 

Acrodus, 138. 

Actinocrinus , 93. 

Mchmodu s, 138. 

Agates, 17. 

Age of Reptiles, 132. 

Aleutian islands, 209. 

Alum Shales, 128. 

Alumina, 5. 

American types, 212. 

American animals, 219. 

Amethyst, 17. 

Ammonites , 141, 142, 143, 144, 145, 
157, 183, 187. 

Amphibia, 164. 

Amygdaloid, 1. 

Ananchytes , 183. 

Annularia, 111. 

Anodon , 75, 76. 

Anodonta , 75. 

Anona8, 198. 

Anoplotherium , 200. 
Anthracotherium , 201. 

Antrim beds, 214. 

Appearance of man, 252. 
Araucarian pines, 130, 161. 
Archsegosaurus , 86, 87. 
Archeology, 271. 

Archseopteryx , 164, 165. 

Arctic flora, 249, 252. 


! Arctic Ice-cap, 215, 221. 

Arctic mollusca, 244. 

Arencolites , 31. 

Argillaceous rocks, 25. 

Astartes , 225. 

Asterolepis , 67. 

Atlantic mud, 179. 

Atrypa , 54, 55. 

Ancyloceras , 187. 

ArtcuZa, 145. 

Aymestry limestones, 48. 

Baculites , 188. 

Bala limestones, 46. 

Banksia , 213. 

Basaltic columns, 214. 

Basaltic rocks, 46. 

Basaltic dykes, 214. 

Bath Oolite, 150. 

Batrachians, 124. 

Beaked saurian, 124. 

BeUmnites , 141, 145, 158, 184, 185. 
Betterophon, 35. 

Birds’ nests, 162. 

Black-lead, 20. 

Bovey Tracey lignite, 213. 
Boulder, 238. 

Boulder clay, 244, 255. 

Box-stones, 236. 

Brachiopods, 33, 71, 91, 144. 
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Bracklesham sands, 195. 

Breccias, 249. 

Brixham cavern, 265. 

Brontes , 72. 

Bronze period, 269. 

Brown coal, 207. 

Bryozoa , 225. 

Buccinum , 233. 

BtUimina , 170. 

Banter sandstone, 116. 

Cairngorm, 17. 

Calamites, 81, 83, 84, 104, 105, 107. 
Calceda , 60. 

Cambrian rocks, 24. 

Camels, 219. 

Camphor-trees, 212. 

Caradoc sandstones, 46. 
Carboniferous, 80. 

Carboniferous limestone, 90, 96. 
Carboniferous forests, 106. 
Carcharodon , 202. 

Cardita , 224. 

Cassidaria , 225. 

Casts, 35. 

Cave Tiger, 235. 

Cephalaspis, 68. 

Cephalopoda, 35. 

Ceratites , 118. 

Chseropotamus , 201. 

Chain-coral, 54. 

Chalcedony, 17. 

Chalk, 167, 181, 190. 

Chalk foraminifera, 167. 
Cheirotherium, 124. 

Cheshire meres, 122. 

Chipped flints, 263. 

Cidaris, 152, 184. 

Clay, 193. 

Claystone porphyry, 5. 


Cleavage, 25. 

Clinkstone porphyry, 5. 
Club-mosses, 57. 

Clymenia, 62, 72. 

Coal, 79. 

Coceoliths , 179. 

Cockles, 185. 

Comatula, 138. 

Compsognathus, 163. 

Conclusion, 291. 

Cones, 202. 

Coniferous trees, 112. 

Contorted rocks. 27. 

Coprolites, 229. 

Coralline crag, 223, 224, 226, 233. 
Corallines, 49. 

Coral Rag, 150. 

Coral-reefs, 53. 

Combrash, 150. 

Cosmical hypothesis, 2. 

Crags, 222. 

Cretaceous formation, 80. 
Cretaceous sea, 169, 179. 

Crinoids, 92. 

CristeUaria, 176, 178. 

Crystals, 17. 

Ctenoid fish, 185. 

Cuttle-fish, 35. 

CyathophyUum t 73. 

Cycads, 161, 162. 

Cycloid fish, 185. 

Cyclopteris , 74. 

Cyprea Europea , 228. 

Cyprina , 224. 

Cyrtoceras Murchisoni, 48. 
Cystideans , 33, 53. 

Dapedius, 138. 

Dartmoor granite, 213.' 
Dawn-animalcule, 18. 
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Dead Sea, 120. 

Dead shells, 173, 174, 177. 

Deer, 218. 

Deinosauria , 162. 

Deinotheria, 218. 

Deltas, 216. 

Dendritic crystals, 8, 9. 

Dentalina , 167, 168. 

Denudation, 12. 

Devonian rocks, 62. 

Dichobune , 201. 

Dicynodonls , 127. 

Diluvium, 238. 

Dirt-beds, 161. 

Downton sandstones, 48. 
Dryandroides , 213. 

Dryopithecus, 218. 

Dudley strata, 45. 

Earthquakes, 189. 
Echinodermata , 183. 

Emarginvla , 228. 

Encrinites , 117. 

England joined to continent, 249. 
English chalk, 168, 169. 
Elephants, 231, 235. 249. 

Eocene, 80, 194, 195, 202, 209. 
Eozoon , 18. 

Etna, 237. 

Eucalyptocrinus , 93. 

Euomphalu8 , 53. 

Eurypterus , 66. 

Evergreen plants, 212. 

Excess of salt, 121. 

Extracrinus , 138, 141. 

Fairy loaves, 183. 

Fan palms, 213. 

Fascicularia , 225. 

Faults, 113. 


Favosites , 54, 72, 73. 

Feather-star, 138. 

Felspar, 3. 

Felspar porphyry, 5. 

Fig-trees, 213. 

Flabellarias, 213. 

FlabeUina, 177, 178. 

Flint, 17, 180, 181. 

Flint arrow-head, 264. 

Flint bands, 180. 

Flint cores, 266. 

Flint implements, 260, 261, 265, 
267. 

Flint nodules, 180. 

Flying lizards, 161. 

Foldings of rocks, 26. 

Foot-print impressions, 119. 
Foot-prints of birds, 125. 
Foraminifera, 167, 168, 169, 170, 
171, 172, 173, 174, 175, 17G, 
177, 178. 

Forest bed, 234, 235, 241. 

Forest marble, 150. 

Formation of lakes, 251. 

Fossil animalculffi, 175. 

Fossil butterflies, 216. 

Fossil caddis worms, 216. 

Fossil corals, 71, 225. 

Fossil eggs, 163. 

Fossil feathers, 165. 

Fossil ferns, 106, 131. 

Fossil ferns, 211. 

Fossil flora, 211. 

Fossil flowers, 211. 

Fossil fruits, 197. 

Fossil insects, 216. 

Fossil Oolitic wood, 160. 

Fossil pitch, 129. 

Fossil tree fern, 109. 

Fossil turtles, 203. 
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Four-homed deer, 219. 

France, Central, strata in, 216. 
Free-stone, 61. 

Fresh-water lakes, 215. 
Frondicularia , 168, 177. 
Fucoids, 61. 

Ganoid fishes, 66, 198. 
Gasteropoda , 35. 

Gaudryina , 169. 

Gault, 187. 

German Ocean, 233, 241. 
Giraffe, 219. 

Glacial beds, 232, 255. 

Glacial boulders, 239. 

Glacial period, 194, 239, 259. 
Glaciers, 242, 244, 245. 
Globigerina, 173, 174, 176. 
Glutton, 249. 

Gneiss, 18. 

Gold, 57. 

Goniatites , 90. 

Granite, 4. 

Granite of Cornwall, 10. 
Granite of Scotland, 10. 
Granite nucleus, 12. 

Granite bosses, 27. 

Graptolites, 40, 49, 50. 

Gravel pit, 254, 272. 

Gravels, 259. 

Greek fable, 272. 

Greenland lignite beds, 214. 
Greenland ice, 243. 

Growth of civilisation, 271. 
Gryphea , 144, 153. 

Gulf-stream, 245. 

Gypsum, 119. 

Gyroceras , 90. 

Hafted stone celt, 270. 


Hairy rhinoceros, 249. 

Hamites, 188. 

Halysites , 54. 

Harlech grits, 30. 

Headon series, 195. 

Hearts, 183. 

Ediolites , 72. 

Hipparion , 219. 

Hippodium , 145. 

Hippopotamus, 218. 

Homanolotus , 72. 

Holoptychius , 68. 

Hornblende, 3. 

Horse-tails, 103, 104. 

Hybodus , 138. 

Hyxnodon , 201. 

Eylxosaurus, 187. 

Eymenocaris , 33. 

Ice action, 249. 

Icebergs, 243. 

Iceland lignite beds, 214. 

Iceland, fossil plants in, 214. 
Ice-sheet, 250. 

Ichthyosaurus, 132, 133, 134. 
Ichthyocrinus, 93. 

Ideal landscape of Triassic period, 
114. 

Ideal landscape of Oolitic epoch, 
147. 

Ideal landscape of Oolitic epoch, 
206. 

Ideal landscape of Quaternary 
period, 254. 

Iguanodon, 187. 

IUxnus , 52. 

Inferior Oolite, 150. 

Influence of earth's heat, 23. 

Irish elk, 250, 251. 

Iron age, 269. 
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Iron-stone, 156. 

Japanese Islands, 209. 

Jasper, 17. 

Jet, 128, 149. 

Joints, 26. 

Jordan river, 121. 

Jura Alps, 165. 

Kaolin, 4. 

Kelloway rock, 150. 

Kent's cavern, 265. 

Keuper beds, 116, 119. 

Keuper sea, 121. 

Kilkenny sandstones, 74. 
Kimmeridge clay, 150. 

King-crab, 49. 

Labyrinthodonts, 86, 124, 125. 
Lake Dwellings, 269. 

Lamp-shells. 144. 

Land ice, 242. 

Landscape of Carboniferous period, 
78. 

Last active volcanoes, 214. 
Laurentian, 17. 

Lava, 9. 

Leiodon , 185. 

Lemming, 249. 

Lepidodendron, 75, 82, 84, 85, 99, 
103. 

Lepidosteus osseus^QQ. 
Lepido8trobu8, 82, 99. 

Lepidotus , 138. 

Lept&na, 55. 

Liassic formation, 80, 128. 

Lignite beds, 201, 207, 211. 

Lily encrinite, 117. 

Limpet shells, 229. 

Limestone, 37. 


Lingula, 33. 

Lingula flags, 30, 33. 

Lingula Levoisii , 45, 55. 

Lituola , 177. 

Llandeilo flags, 46. 

London clay, 194, 229. 
Long-armed monkey, 220. 
Longmynd rocks, 31. 

Lower Cambrian, 31, 32. 

Lower CretaceoUs. 188. 

Lower green sand, 187. 

Lower Oolite, 150. 

Lower Silurian, 47. 

Ludlow beds, 48. 

Ludlow bone-bed, 57. 

Lump of clay, 193, 196, 197, 198. 

Maehairodus , 218. 

Mactra , 230. 

Magnesian limestone, 115. 
Magnolias, 213. 

Mammoth , 248, 263. 

Man’s appearance, 252, 259. 
Mastodon, 217, 218. 

Marginulina , 168. 

Marsupials, 126, 131. 

May Hill sandstones, 47. 52. 
Mechanical origin of rocks, 25, 38. 
Megalichthys , 97. 

Megalodon , 72. 

Megalo8auru8 , 163, 187. 

Metal lodes, 57. 

Metamorphic rocks, 18. 
Meteorological agencies, 38. 
Mesozoic epoch, 117. 

Mica, 3. 

Mica schist, 10. 

Micr aster, 183. 

Microlestes , 126, 127. 

Microscopic section, 180, 181. 
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Microscopic structure of fossil 
wood, 112. 

of coal, 112. 

Middle drift, 255. 

Middle Silurian, 47, 52. 

Middle Oolite, 150. 

Minute fossils, 177. 

Miocene, 80, 206, 208, 210. 
Miocene forests, 210. 

Miocene plants, 211. 

Missing links, 163, 165, 201, 219. 
Mitres, 202. * 

Moel Tryfaen, 245. 

Molasse, 209. * 

Monkeys, fossil, 217. 

Mo 808 auru 8 y 185, 186. 
Mountain-chains, 11. 

Murchhonia , 52. 

Muschelkalk, 116, 118. 

Muskdeer, 249. 

Mussels, 236. 

Mya % 231, 232. 
i Mylodon, 222. 

Natica, 228. 

Nautilus, 53, 141, 143, 202. 
Neocomian beds, 187. 

Neolithic implements, 264, 267. 
Neptunian controversy, 2. 
Neuropteris , 106. 

Newer Stone age, 266. 

New Red Sandstone, 116. 
Nipadites, 197. 

Nodosaria , 167. 

Norfolk cliffs, 244. 

Norfolk forest-bed. 234. 

North Atlantic, 145. 

Northern drift, 239. 

Northern shells, 231. 

Norway spruce pine, 234, 242. 


Norwich Crag, 223, 230, 234, 241. 
NummuUteSt 195, 196. 

Obolus, 55. 

Older Pliocene, 223. 

Oldhamia , 32. 

Old Red Sandstone, 62, 70. 
Onchus, 69. 

Oolitic animals, 166. 

Oolitic period, 80, 149. 

Oolitic strata, 160. 

Ophioderpeton , 86. 

Opossum, 218. 

Orthis, 55. 

Orthoceratites , 35, 49, 90. 

Osmunda, 75. 

Osteolepis , 68, 69. 

Oxford clay, 150. 

Oysters, 236. 

Palaeolithic flint implements, 266. 
Palaeolithic period, 263. 
Palseontscus , 98. 

Palaeopteris , 74. 

Pdlssopyge , 32. 

Palseotheria , 198, 199. 

Palaeozoic brachiopods, 55. 
Palaeozoic Encrinites, 93. 
Paludina , 153, 155. 

Paradoxides, 34. 

Paramondra , 182. 

Parkia, 65. 

Pebbles, 256. 

Pecopteru , 109. 

Pecten , 53. 

Pectunculue, 224, 228. 

Pegmatite, 5. 

Pentacrinus, 139. 

Pentamerus, 53, 54, 55. 
Pentremites , 95. 


Digitized by v^ooQie 



INDEX. 


299 


Percolation, 35. 

Permian breccias, 115. 

Permian formation, 115. 
Petroleum, 41. 

PhiUipsia , 32. 

Phlebopteris, 156. 

Phosphates, 21. 

Phosphate of lime, 188. 

Phosphatic nodules, 229. 
Phragmacones, 184. 

Piece of chalk, 167. 

Pilton group, 71. 

Pitchstone, 8. 

Placoid fishes, 69. 

Plagiostoma, 145. 

Planorbis , 153, 230. 

Platycrinus, 83. 

Pleistocene, 231. 

Plesiosaurus, 132, 135. 

Pliocene, 80, 215, 223, 226, 236, 
237. 

Pliopithecus, 218. 

Plumbago, 20. 

Plutonic controversy, 2. 

Polished Celts, 269. 

Polypotheciq , 180, 181. 

Porphyrine (artificial), 9. 
Porphyry, 5. 

Portland Stone, 150. 

Pot-stones, 182. 

Primary rocks, 15. 

Primitive rocks, 6. 

Producta , 54, 115. 

Proteacea, 213. 

Protogine, 5. 

Protozoic rocks, 28. 

Psilophyton , 75. 

Psychometry , 59. 

Pterichthys, 67, 68. 

Pterodactyles , 132, 136, 137, 15). 


Pterophyttum , 131. % 

Pterygotus , 65. 

Purbeck marble, 146, 153, 159. 
Purbeck series, 150. 

Pyrula , 225. 

Pyrulina, 168. 

Quartz, 3, 14. 

Quartz crystals, 7. 

Quartzite, 16. 

Quaternary, 80. 

Rain-drop pittings, 119. 

Red Crag, 223, 229, 230, 241. - 
Red Crag, shells of, 229. 

Reindeer, 249, 266. 

Reindeer period, 266. 

Reptile-like birds, 164. 

Restored Belemnite, 185. 

Restored Calamites, 107. 

Restored Lepidodendron, 99. 
Rhsetic formation, 126. 
Rhinoceros, 234, 236, 249. 
Rhodocrinus, 93. 

Rhyncfomella, 54, 145, 184. 
Rhynchosaurus, 124. 

Ripple-marks, 31, 32, 89, 119, 154, 
River-gravels, 255. 

RosteUaria, 202. 

Rock-oil, 41. 

Rock-salt, 115. 

Rosalina , 172. 

Rotalina, 173, 175, 177. 

Sagenaria , 75. 

Sagrina , 174. 

Sahara sea, 251. 

Salisbwria , 215. 

Sandstone, 58. 

Scales of Carboniferous fish, 98. 
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Scaphites, 188. 

Sea-urchins, 183. 

Section of fossil wood, 103. 
Segregation of metals, 57. 

of minerals, 57. 

Semnopiihecus, 218. 

Sequoias , 213. 

Sewalik hills, deposit of, 219. 
Sharks, 185, 203. 

Sicilian beds, 236. 

Sigillarta , 84, 85, 102, 103. 
Silica, 3, 17, 179, 181. 
Silurian rocks, 39. 

limestones, 41, 45. 

Single corals, 95. 

Siphuncle, 143. 

Sivatherium, 21 9. 

Slate rocks, 24. 

Smilax , 212. 

Spiculae, 182. 

Spirifera , 54, 55, 72, 91, 144. 
Spirorbi*, 84. 

Spondylm , 185. 

Stalactite, , 265. 

Stalagmite , 265 
Star-fish, 53. 

Stawria , 71. 

Stone Celt, 270. 

Stonesfield slate, 150, 163. 
Stringocephdlu8 , 72. 
Stromatopora , 72. 
Strophomena , 54, 55. 
Structure of Pentremites, 96. 
Sub-tropical climate, 190. 
Suffolk strata, 223. 
Sun-cracks, 32, 89, 119, 120. 
Sun-corals, 72. 

Tapiroid animals, 199. 
Tapirs, 218. 


Tarannon shales, 47. 

Taxocrinus, 93. 

Teeth of Carboniferous fish, 98. 
TeUina Balihica, 244. 

Tettina cra&sa, 228. 

Temnfchinus , 224. 

Temperature of Miocene Period, 
209. 

Terebella , 202. 

Terebratula , 54, 145, 151, 184. 
Terraces, 255. 

Terraced hills, 256, 257. 

Tertiary epoch, 191, 194. 
Textularia, 169. 

Theca , 34. 

Thickness of lias, 130. 
Thunder-bolts, 144, 145, 158, 184. 
Topaz, 17. 

Tortoise, huge, 219. 

Transition rocks, 18. 

Transverse section of calamite, 83. 
Transverse section of fruit of ca- 
lamite, 105. 

Tree-apes, 218. 

Tree-ferns, 105. 

Trias, 116. 

Triassic Period, 114. 

Trigonia , 154. 

Tritobites, 34, 40, 41, 49, 51, 72. 
Trogontherium , 235. 

Truncatulina , 171. 

Twrrilites , 188. 

Turritella , 195. 

Turtles, 203. 

Typhis, 202. 

Unconformable rocks, 22, 119. 
Upper Crag, 233. 

Upper Eocene, 204. 

Upper green sand, 188. 
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Upper Oolite, 150. 

Upper Silurian, 48, 53, 54. 

Valley-gravels, 255, 263. 
Vancouver’s Island, 209. 
Vemeuilina, 170. 

Vertebrata, 54. 

Vertical section of calamite, 81. 
Vertical section of fruit of calamite, 
104. 

Volutes , 202, 226. 

Wart-hogs, 218. 


Wealden strata, 186, 187. 
Wenlock group, 48. 

Wenlock limestones, 42, 48. 
Wentle-traps, 230. 

White whelk, 233. 

Woolhope beds, 48. 
Woolly-haired elephant, 263. 
Woolly-haired rhinoceros, 263. 
Worm-tracks, 32. 

Zamiae , 161. 

Zaphrentis , 72. 


THE END. 
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